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[57] ABSTRACT

 There is provided an air-fuel mixture ratio correcting

system for a carburetor in which the air-fuel ratio of a
mixture fed to an engine 1s detected whereby to control
the amount of auxiliary fuel and/or the amount of auxil-
1ary air to always control the air-fuel ratio of the mix-

~tures at the correct value.
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_1_'

AIR-FUEL MIXTURE RATIO CORRECI' ING
| SYSTEM FOR CARB URETOR S

Thls appllcatlon is a d1v1510nal apphcatlon of Ser. No
758,338, file Jan. 10, 1977 and -now U.S. Pat. No.
4,153,021, which was a divisional application of Ser.
No. 475, 917 ﬁled June 3, 1974 Whlch 1s now U, S Pat.
No. 4 036,186.

BACKGROUND OF THE INVENTION

1. Freld of the Inventlon |
In order to ensure the maximum efficiency of an

4',300,'490

2

~capable of controlling the air-fuel mixture ratio at the

correct value with a greater accuracy for rapld varia-

- tions in the engine speed.

5

- 10

improved engine devised as an automobile exhaust -

emission control effort or when it is desired to obtain

' the optimum cléaning of exhaust gases by a catalyst in
~ an engine equipped with an exhaust gas cleaning cata-:

lyst for exhaust emission control purposes, the air-fuel

ratio of the mixtures supplied to the engine through the
20

- carburetor must always be controlled at the correct
value. The present invention relates to an air-fuel mix-
- ture ratio correctlng system for an automobile internal

13

"It 1s still another object of the present: invention to
provide an air-fuel mixture ratio correcting system com-
prising an air-fuel ratio sensor for detecting the air-fuel
ratio of the mixtures fed to an engine, air-fuel ratio
correctmg means for .controlling the amount of auxil-
iary fuel and/or the amount of auxiliary air, a pulse
motor for actuating the air-fuel ratio correcting means,
and electronic control means for determining the rich-
ness of the air-fuel mixture ratio in accordance with the
output srgnal of the alr-—fuel ratlo SENnsor and 0peratmg
the pulse motor. o .

It is still another object of the present invention to

- provide an air-fuel mixture ratio correctmg system of

- combustion engine carburetor Wthh meets these re-

quirements.
2. Descnptlon of the Prlor Art

It is known in the art that the air-fuel ratio of the
mixtures supplied into the cylinders of an engine has a
great effect on the quality of ignition and combustion of
the mixtures as well as on the exhaust gas composition,
and various efforts have heretofore been made toward
accurate controlling of the air-fuel ratio of the mixtures

fed to an engine. These efforts range from the improved
accuracy of finishing for the carburetor component

parts and increased carburetor adjustments to efforts
toward more accurate methods of measuring the

amount of air drawn into an engine and correspond-
mgly accurate fuel metering methods in the case of fuel |

injection type fuel feed systems. -
However, these methods are primarily concerned

with the improvements of accuracy of measuring or

“metering the quantity of air and fuel supplied to an

engine and therefore these methods can hardly be said
to have covered all the possible situations in consider-

ation of changes in the atmospheric conditions, i.e.,
changes in the atmospheric pressure temperature and
humidity. |
Similarly, as regards the supply of fuel, it can be
- hardly said that the computation of changes in the theo-
retical air-fuel ratio due to changes in the specific
welght of the fuel, the amount of air contained in' the

fuel and the composition of the fuel has been made to a-

satisfactory extent. If a system were constructed which
would meet all of these requirements technically, such a
- system would become exceeding high in manufacturing
costs and very complicated in construction and there-
- fore such a system would inevitably be unsuitable for
use as a fuel system for internal combustion engmes of
the type which are now in wide use

SUMMARY OF THE INVENTION
It 1s a principal object of this invention to provide a

novel system which overcomes the foregoing defi-
ciency of the prior art and which takes into consider-

ation all of the above-mentioned variable factors to
control the air-fuel ratio of the mlxtures fed to an engme
at the correct value. |

It 1s another object of the present 1nvent10n to pro-

vide an air-fuel mixture ratio correcting system which is

25

30

35

the above type wherein the pulee motor is operated at a
speed corresponding to the engine operating conditions

whereby to improve the air-fuel ratio correction. re-

sponse characteristic and correctlon efﬁmency of the

air-fuel ratio correcting means. =~ | A
Above and other objects, features and advantages of

the present invention will become readily apparent
rom considering the following detailed description in

-- COHJIIIICHOII ‘with the accompanymg drawmgs

BRIEF DESCRIPTION OF THE DRA.WINGS

' FIG. 1 is a'schematic diagram showing a first embodi-
ment of ‘an air-fuel mixture ratio correctmg system ac-’
cording to the present invention.

FIG. 2 1s a circuit dlagram showing an exemplary
form of the driving circuit in the embodiment of FIG. 1.

FIGS. 3(a) and 3(b) are waveform diagrams useful for
explaining the operation of the shlft reglster shown 111'

FIG. 2.

-FIGS. 4(a) and 4(b) show respectively a sectional
view and a characteristic diagram of the exhaust gas

sensor in the embodiment of FIG. 1.

45

50

55

60

FIG. 5 is a waveform diagram useful for explalnmg
the operation. of the control circuit in the embodiment
of FiG. 1. |

FIG. 6 is a schematic dlagram showmg a modlﬁca-
tion of the embodiment of FIG. 1.

FIG. 7 is a schematic diagram showmg the construc-
tion of a second embodiment of the invention. |

FIG. 8 is a sectional view of the drawn alr qaantlty
sensor in the embodiment of FIG. 7. "

FIG. 9 is a circuit diagram showing an exemplary
form of the control circuit in the embodimernt of FIG. 7.

FIG. 10 is a sectional view showing another form of’
the drawn air quantity sensor of FIG. 8. -

FIG. 11 1s a circuit diagram showing another form of
the control circuit suitable for use W1th the draw*r air
quantity sensor of FIG. 10. |

FIG. 12 1s a schematic diagram showmg the construc- |
tion of a third embodiment of the invention. |

FIGS. 13(a) and 13(b) reSpectwelv show a character-
1stic dlagram and a sectional view of the exhaust gas
sensor in the embodiment of FIG. 12. |

FIG. 14 15 a circuit dlagra‘n showmg an exemplary

-~ forni of the control c1rcu1t In the embodlment of FIGI

65

12. - |

FIG. 15 is a schematic diagram showing the construc-

tion of a fourth embodiment of the invention.
FIG. 16 1s a block diagram of the control ClI'CL‘llt used

in the embodiment of FIG. 5.
FIG. 17 is a specific circuit diagram of the control
circuit shown in block form in FIG. 16. o
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FIG. 18 1s a driving frequency versus air-fuel ratio
control range characteristic diagram of the pulse motor
in the embodiment of FIG. 15. |

F1G. 19 1s a characteristic diagram showing the rela-
tionship between the engine speed and the output of the 5
D-A converter shown in FIG. 17.

FIG. 20 1s a characteristic diagram of the intake mani-

fold vacuum sensor shown in FIG. 17.
FIG. 21 is an output characteristic diagram of the

function circuit shown in FIG. 17. 10

FIG. 22 is an output characteristic diagram of the
voltage-frequency converter shown in FIG. 17.

FIGS. 23(a), 23(b), 23(c) and 23(d) show waveform
diagrams useful for explaining the operation of the con-
trol circuit in the embodiment of FIG. 15. 15

FI1G. 24 1s a schematic diagram showing the construc-
tion of a fifth embodiment of the invention.

FIG. 25 1s a side view showing the principal part of
the pulse motor driving unit in the embodiment of FIG.
24, 20

FIGS. 26(a), 26(b) and 26(c) are sectional views
showing modifications of the pulse motor driving unit
of FIG. 25.

FIG. 27 is a schematic diagram showing the construc-
tion of a sixth embodiment of the invention. 25
FIG. 28 1s a2 schematic diagram showing the construc-

tion of a seventh embodiment of the invention.

FIGS. 29(a) and 29(b) are sectional views useful for
explaining the operation of an exemplary negative feed-
back type variable venturi carburetor in the embodi- 30
ment of FIG. 28.

FIGS. 30(a) and 30(b) are sectional views useful for
explaining the operation of another form of the negative
feedback type variable venturi carburetor shown in
FIGS. 29(a) and 29(b). 35

FIGS. 31(a) and 31(b) are sectional views useful for
explaining the operation of still another form of the

negative feedback type variable venturi carburetor
shown in FIGS. 29(a) and 29(b).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS |

The present invention will now be described in
greater detail with reference to the illustrated embodi-
ments. The first through fourth embodiments are de- 45
signed to control the amount of correcting air at speeds
corresponding to varying engine operating conditions,
the fifth and sixth embodiments are designed to control
the correcting fuel amount, and the seventh embodi-
ment 15 designed to control the air-fuel mixture ratio for 50
a variable venturi type carburetor.

FIRST EMBODIMENT

Referring first to FIG. 1, the construction and opera-
tion of the first embodiment will be described. In FIG. 55
1, numeral 1 designates an internal combustion engine
having a cylinder assembly 11, an intake manifold 12
and an exhaust manifold 13. Numeral 14 designates an
- exhaust muffler. Numeral 2 designates an exhaust gas
sensor constituting an air-fuel ratio sensor and installed 60
in the exhaust system of the engine 1, 3 an air cleaner
unit, 4 a carburetor having a carburetor main body 41,

a venturl portion 42, a fuel chamber 43, a venturi por-
tion 44, a fuel nozzle 47 a throttle valve 45, and a throt-
tle valve lever 46. Numeral 5 designates air-fuel ratio 65
correcting means, 51 a control valve, 52 a correcting air
passage. Numeral 6 designates a pulse motor for actuat-
ing the control valve 51, 7 a pulse generator for generat-

40

4.
ing a pulse signal in synchronism with revolutions of the
engine. Numeral 8 designates a control circuit section

whereby whether the air-fuel mixture is- at the desired

value i1s determined in accordance with the output sig-
nal of the exhaust gas sensor 2 and the pulse motor 6 is
actuated to control the opening of the control valve 51
to correct the air-fuel ratio, 81 a current amplifier for

amplifying the output signal of the exhaust gas sensor 2,
82 and 83 comparators for comparing the amplified

signal voltage with a predetermined voltage, 84 a NOT
circuit, 85 and 86 NAND circuits, 87 a driving circuit
for the pulse motor 6, 88 a battery, 89 a pulse frequency

divider comprised of flip-flops and adapted to divide

the frequency of pulses from the pulse generator 7.
Designated as R1, Ra, R3, R4, Rs5, Rg and Ry are resis-
tors, C1 a capacitor. Numeral 9 designates an accelera-
tion/deceleration sensor comprising a diaphragm which
may be displaced during a transient state of the intake
manifold vacuum, 91 a casing for the acceleration/de-
celeration sensor, 92 and 93 balancing pack springs, 94
a throttle nozzle, 95 a shaft fastened to the diaphragm,
96 a sliding terminal connected to the shaft 95, 97 and 98
terminals adapted to contact with a contact point 95a at
the end of the shaft 95, 100 a transfer relay.

With the construction described above, the first em-
bodiment operates as follows. Under normal operating
conditions of the engine, the vacuum within the intake
manifold 12 is practically maintained at a constant value
so that there is no difference in pressure between dia-
phragm chambers 92 and 95 in the acceleration/deceler-
ation sensor 9 and the shaft 95 is not displaced keeping
the contact point 954 out of contact with either of the
terminals 97 and 98. Consequently, contacts 101 and 102
of the relay 100 are closed and pulse signals having a
relatively low frequency are supplied to the NAND
circuits 85 and 86 from an output terminal 89a of the
frequency divider 89. |

On the other hand, as shown in FIG. 4(a), the exhaust
gas sensor 2 1s comprised of an electrode 15, a metal
oxide 16 primarily consisting of zirconium dioxide, a
nickel coating applied to the surface of the metal oxide
16 and an outer case 17 constituting another electrode.
The electromotive force V of the sensor 2 is given by a
relationship V a log Po/P1, where Py is the partial pres-
sure of oxygen in the exhaust gases and Pj is the partial
pressure of oxygen in the atmosphere. This relationship
1s shown 1n the characteristic diagram of FIG. 4(b).

'This output signal of the sensor 2 is amplified by the
current amplifier 81, whereby when the detected air-
fuel ratio is smaller than a preset air-fuel ratio Xz, 1t 1s
larger than a preset voltage Vi of the comparator 82.
Thus, the outputs of the comparators 82 and 83 become
“0” level and a *“1” level signal is applied only to the
NAND circuit 85 through the NOT circuit 84 to actu-
ate the pulse motor 6 and increase the air-fuel ratio. On
the other hand, when the air-fuel ratio is greater than a
preset air-fuel ratio Xy, the output signal of the current
amplifier 81 is smaller than a preset voltage V y of the.
comparator 83 so that the outputs of the comparators 82
and 83 become “1” level and a “1” level signal is there-
fore applied only to the NAND circuit 86, whereby the
pulse motor 6 is operated in the reverse direction to
decrease the air-fuel ratio. |

Further, during the transient period of the engine,
e.g., during a rapid acceleration or deceleration period,
there is a rapid change of the vacuum within the intake
manifold 12 and a differential pressure is produced be-
tween the diaphragm chambers 92 and 956 1n the acceler-
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ation/deceleration sensor 9. In the case of a rapid: accel-

eration, the contact point 954 of the shaft 95 engages the

4,300,490

terminal 97, whereas in the case of a rapid deceleration

the contact point 95a engages the terminal 98. Conse-
quently, the current from the battery 88 flows to the
coil of the relay 100 and its contacts 101 and 103 are
closed, supplying pulse signals of relatively high fre-
quency to the pulse motor 6 from an output terminal
895 of the frequency divider 89. While, during the tran-
sient period of the engine, the direction of rotation of
the pulse motor 6 is determined and the air-fuel ratio is

corrected in accordance with the output signal of the

exhaust gas sensor 2 in the similar manner as under the
normal operating conditions of the engine, the control-
ling speed of the control valve 51 is increased since the

frequcney of pulses supplled to the pulse motor 6 1S

higher. -
~ Next, the Operatlon of the pulse motor 6 will be de-
scribed with reference to FIG. 2. The outputs of the
NAND circuits 85 and 86 are res;)ectlvely applied to
terminals h and i of a shift register 87a in the pulse
motor driving circuit 87. The shift register 87z may for

example be the PS-IL manufactured by K. K. Nippon

Pulse Motor Company. The outputs of the Shlft reglster
87a are connected to a switching circuit comprising
transistors T, T2, T3 and T4 and counter electromotlve
force absorbing diodes Dy, D3, D3 and Ds, and the
transistor collector terminals are respectively con-
nected to coils Cy1, C12, C13 and Cy4 for the respective
phases of the pulse motor 6. When pulse signals are
applied to the terminal h, as shown in FIG. 3(a), the
respective output terminals Oy, O,, O3 and O4 of the
shift register 87a are successwely shifted. Consequently,
the transistors T, T2, T3 and T4 are turned on and the

coils Cy1, Cya, Ciz and Cy4 are similarly energized two

phases at a time to rotate the rotor of the pulse motor 6
in the direction of an arrow in the illustration. When
this occurs, the control valve 51 is rotated in a direction
that closes it and decreases the correcting air quantlty
When the pulse signals are applied to the terminal i, the
reverse becomes the case as shown in FIG. 3(5) and the
pulse motor 6 is rotated in a direction opposite to that of
the arrow. Consequently, the control valve 51 is rotated
in a direction that opens it and thus the correcting air
quantlty is increased. In this case, if, for example, the

opening of the throttle valve 45 is rapidly changed for

acceleration or deceleration as shown in FIG. 5, the
frequency of the pulses supplied to the pulse motor 6 is

increased by the action of the prewously mentioned

acceleratmn/deceleratlon sensor 9, and in this way the

rotational speed of the pulse motor 6 is increased to

speed up the correction of the air-fuel ratio.

F1G. 6 illustrates a modification of the first embodi-
ment which differs from the latter in that instead of the
terminals 97 and 98, the acceleration/deceleration sen-

6

differential pressure across the diaphragm and detect
‘the transient state, the present invention is not limited to

it and it is of course possible to use any of those in which

~a piston is displaced, a differential transformer is em-

ployed or the transient displacement of the throttle

- valve 4 1s detected.

10

Further, while, in the embodlments descrlbed above,
the correction of air-fuel mixture ratio is effected by
adjusting the air quantity, the air-fuel ratio may be cor-
rected by adjusting the fuel quantity by a similar mecha-
nism employing a pulse motor and a control valve.

It should be appreciated from the foregoing descrip-

- tion that in accordance with the first embodiment of the

13

20

25

30

35

40

45

50

35

sor 9 is provided with a number of terminals so that

pulses of three or more different frequencies may be
prowded In this way, contrary to the first embodiment,
it 18 possible to vary the frequency of the pulses supplied
to the pulse motor 6 in accordance with the acceleration
and deceleration driving conditions of the engine.

By further increasing the response characteristic and

correction factor of the control valve, it is possible to
effect the correction of fuel-air ratlo more rapidly and
positively. -

While, in the embodlments descrlbed above, the ac-
celeration/deceleration sensor 9 is of the type in which

the intake manifold vacuum is introduced to produce a

60

65

invention there is provided a negative feedback type
air-fuel mixture ratio correcting system for an internal
combustion engine, which comprises an air-fuel ratio
sensor for detecting the air-fuel ratio of the mixtures fed
to the engine, air-fuel ratio correcting means having a
control valve and a pulse motor for actuating the con-
trol valve, and a control circuit for controlling the air-
fuel ratio correcting means in accordance with the out-
put signal of the air-fuel ratio sensor whereby the fre-
quency of pulse signals synchronized with the number
of revolutions of the engine is varied in accordance with
the output signal of an acceleration/deceleration sensor
which detects transient condittons of the engine to
thereby supply the pulse signals to the pulse motor.
Thus, there is an advantage that the air-fuel ratio may be
positively and rapidly corrected even during transient
periods of the engine, e.g., a rapidly accelerating or
decelerating operating condition of the engine. In this
way, it is possible to maintain the air-fuel mixture at its
correct value which is extremely advantageous from
the exhaust emission control point of view and make a
great contribution toward solving the problems of air

- polution.

Further, it must be noted that in these embodiments
the pulse motor 6 is used which is small and compact
and which provides a high torque, and moreover there
is no need to use a complicate current converting circuit
as is the case when a DC power supply is utilized. Thus,
the electric circuit for driving the pulse motor i1s made
simpler in construction and at the same time the accu-

‘racy and response characteristic of the air-fuel ratio

control are improved.
"SECOND EMBODIMENT

The second embodiment of the invention will now be
described by referring first to FIG. 7 in which the like
reference numerals as used in FIG. 1 designate the like
elements. In FIG. 7, numeral 107 designates a control
circuit section for supplying pulse signals to the pulse
motor 6 to operate it, 108 a drawn air quantity sensor
mounted at the venturi portion 44 of the carburetor 4.
The drawn air quantity sensor 108 is illustrated in detail
in FIG. 8, in which numeral 181 designates a vacuum
sensing port opened into the venturi portion 44
whereby in accordance with the pressure from an air
cleaner, inner pressure outlet port 183 and the vacuum
at the venturi portion 44, a diaphragm 182 is displaced
to detect the amount of air drawn. Numeral 184 desig-
nates a spring, 185 a rod linked to the diaphragm 182,
1864 through 186¢ switching resistors mounted on the
rod 185, 187a through 187¢ switching resistor contacts
with which a brush 188 contact, 189 output terminals at
the ends of the brush 188.

The control circuit section 107 will be described with
reference to the wiring diagram of FIG. 9, in which
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numeral 2% designates a current amplifier for amplifying
the output signal of the exhaust gas sensor 2, 22 and 23
comparators for respectively comparing the amplified
signal voltage with a preset voltage, 24 a NOT circuit,

25 and 26 NAND circuits, 87 the previously described:

driving circuit for the pulse motor 6 (FIG. 2), 28 and 29

NOR circuits, 104 a pulse oscillating circuit, 88 the
battery, R; through Rs resistors. Ci.and Cs capacitors.
The oscillation frequency of the pulse oscillating circuit
104 1s determined by the capacitor C,, a resistor Rg and
any one of the switching resistors 1862 to 186¢c.
With the construction described above, the second
embodiment operates as follows. In the operating range
of the engine where the amount of air drawn thereinto
is small, e.g., when the engine is operating at a low
speed, the vacuum pmduced at the venturi portion 44 is
low and therefore there is a small pressure difference
between it and the Internal pressure of the air cleaner.
Consequentily, the diaphragm 182 is not displaced due
to the biasing force of the spring 184 and the brush 188
1s in contact with the contacts 187« as shown in FIG. 8§,
with the resuit that the pulse oscillating circuit. 104 in
the control circuit section 107 oscillates at a relatively
low frequency which is determined by the resistors Rg
and 186a and the capacitor C;. On the other hand, the
exhaust gas sensor 2 used in this embodiment has the
previously described output characteristic of FIG.:4
and its output signal is amplified by the current ampli-
fier 21, whereby when the air-fuel ratio of the mixture is
smalier than a preset air-fuel ratio X, the outputs of the
comparators 22 and 23 become “0” level and a ““1” level
signal 1s applied only to the NAND circuit 25 through
the NOT circuit 24. Consequently, the pulse signals
from the pulse oscillating circuit 104 are supplied to the
pulse motor 6 to operate it and the control valve 51 is
actuated to increase the amount of auxiliary air and
thereby to conirol the air-fuel mixture ratio at the de-
sired air-fuel ratio.- On the other -hand, when the air-fuel
mixture ratto is greater than a preset air-fuel ratio Xy,
the outputs of the comparators 22 and 23 become “1”
level and a “1” level signal is applied only to the NAND
circuit 26, so that the pulse motor 6 is rotated in the
reverse direction and the air-fuel mixture ratio is de-
creased to control it at the desired air-fuel ratio. In this
case, when the air-fuel mixture ratio lies between the
preset air-fuel ratios X and XU, the control valve 51 is
not actuated. When the engme speed increases so that
an increase amount of air'is drawn into the engine, the
difference between the vacuum at the venturi and the
internal pressure of the air cleaner increases, with the
result that the diaphragm 182 is displaced against the
spring 184 and the brush 188 engages either the contacts
870 or the contacts 87¢. Consequently, the oscillation

frequency of the pulse osciilating circuit 104 is in-

creased as compared with that obtained in the previ-
ously described low engine speed range, and the rota-
tional speed of the pulse motor 6 and hence the control
speed of the control valve 51 are increased to permit the
air-fuel mixture ratio to be controlled at the desired

air-tfuel ratio with an improved follow-up characteristic.

The pulse motor 6 and the pulse motor driving circuit
87 are identical in construction with those shown in
FI1G. 2. Accordingly, when pulse signals are applied to
the terminal h, as shown in FIG. 3(a), the output termi-
nals Oj, Oy, Gz and C4 of the shift register 87a are suces-
sively shifted so that the transistors Ty, T, T3zand Taare
turned on and the coils Ci1, Ci2, Cy3 and C4 are simi-
larly energized: two phases at a time to thereby rotate
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the rotor of the pulse motor 6 in the direction of the

arrow 1in FIG. 2. On the other hand, when the pulse

signals are applied to the terminal i, the reverse becomes
the case as shown in FIG. 3(b) and the pulse motor 6 is

rotated in a directionopposite to that of the arrow. The
rotational speed of the pulse motor 6 is determined by

the frequency of the pulse signals from the pulse oscil-

lating circuit 104.

A 'modification of the second embodiment will now
be described with reference to FIGS. 10 and 11. In this
modification, a variable resistor 190 is employed in
place of the switching resistors in the drawn air quantity
sensor 108. Thus, by designing the variable resistor 190
so that 1ts resistance value decreases as the amount of
drawn air flow increases, the oscillation frequency of a
pulse oscillating circuit 1046 increases to increase the
rotational speed of the speed motor. In this way, it is
possible to effect the correction of the air-fuel mixture
ratio more posnwely and Wlth an 1mpmved follow-up
characteristic.

While, in the second embodiment described above,
the drawn air quantity sensor 108 is of the type in which
the diaphragm 182 is displaced in accordance with the
vacuum at the venturi, it may of course be one in which
a piston is displaced in place of the diaphragm 182 or
alternately the displacement of the throttle valve 45 is
detected. Further, while the correcting air passage is
provided as an air-fuel ratio correcting means and the
correction of air-fuel ratios is effected through adjust-
ment of air quantity, it is possible to effect the correc-
tion of ‘air-fuel ratios through compensation of fuel
requirements by a similar mechanism employing a pulse
motor and a control valve.

It will thus be seen from the foregoing description
that since the system according to the second embodi-
ment comprises an air-fuel ratio sensor for detecting the
air-fuel ratio of the mixtures fed to an engine, air-fuel
ratio correcting means having a control valve and a
pulse motor for actuating the control circuit section
whereby the oscillation of pulse signals from a pulse
oscillating circuit is determined by the output signal of
a drawn air quantity sensor for detecting the amount of
air drawn'into the engine and the pulse signals from the
pulse oscillating circuit are-supplied to the pulse motor
of the air-fuel ratio correcting means in accordance
with the output signal of the air-fuel ratio sensor, the
air-fuel ratio of the mixtured can be corrected to the
desired air-fuel ratio with an improved follow—up char-
acteristic throughout the entire range of air amounts
drawn into the engine, and thus the air-fuel mixture can
be maintained at thé correct air-fuel ratio which is
highly advantageous from the exhaust emission control
point of view, thereby greatly contributing toward the
prevention of air pollution. |

" THIRD EMBODIMENT

The third embodiment of the invention will now be
described with reference to FIG. 12. In FIG. 12, nu-
meral 201 designates a carburetor body, 202 an intake
manifold, 203 an engine body, 204 an exhaust manifold,
206 a reduction catalyst, 207 an oxidation catalyst, 208

an exhaust gas sensor installed in the exhaust manifold

204 to detect the air-fuel mixture ratio from the exhaust
gas composition, 209 a mixture correcting auxiliary air
passage, 210 a control valve for varying the cross-sec-
tional area of the air passage 209, 6 a pulse motor for
actuating the control valve 210, 212 a spring for placing
a seat 213 and a cam 214 in contact with each other, 214
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“a cam mounted on the shaft of the pulse motor 6, 215 a

- control circuit for controlling the rotation of the pulse

motor 6 in accordance Wlth the output 31gnal of the
‘exhaust gas sensor 208. |

The exhaust gas sensor 208 comprlses as shown 11
- FIG. 13(b), an electrode 219, a metal oxide 216 primar-
- ily consisting of zirconium dioxide, a platinum coating
- 218b applied on the surface of the metal oxide 216 and
~ an outer case 217 constituting a second electrode. The
exhaust gas sensor 208 exhibits an output characteristic

4,300,490

exhaust gas cleaning catalytic action of the platinum

- 2185 and the oxygen partial pressure detecting action of

the metal oxide inner shell, and the air-fuel mixture ratio
obtained at a point a where an abrupt change occurs in
the output voltage substantially corresponds to the the-

10
as shown in FIG. 13(a) by the combined effects of the

i0
control valve 210 reduces the cross-sectional area of the
auxiliary air passage 209 to reduce the auxiliary air

“quantity and enrich the mixture until the theoretlcal

au'-fuel ratio is attained.
While, in the third embodiment described above, the

| 'correctlon of air-fuel ratios is accomplished through the

provision of an auxiliary air passage, it is possible to
effect the correction of air-fuel ratios by providing an
auxiliary fuel passage within the carburetor or by
changing the flow rate of the fuel through the main fuel
passage in the carburetor. Further, while the oxygen
concentration in the exhaust gases is detected by a me-

~tallic oxide as a substitute for the air-fuel mixture ratio,

15

oretical air-fuel mixture ratio. In this third embodiment,

this point is utilized to correct the air-fuel ratio of the
mixtures to attain the theoretical air-fuel ratio.

‘The circuit construction of the control circuit 215
will be described with reference to FIG. 14 showing an
exemplary form of the control circuit 215. A terminal B
is connected to a contact 216 which is opened and

20

closed in synchronism with revolutions of the engine.

- When the contact 216 is closed, a transistor T, is turned

off and a transistor T is turned on. When this process
is repeated twice, a flip-flop FF; produces a pulse and
for every two pulses received by the FFj, an FF| pro-
duces a pulse. Therefore, the frequency of the signals
from the contact 216 synchronized with the engine
revolutions is divided by a factor of 4 by the FF;. A
terminal A is connected to the exhaust gas sensor 208
whose output voltage is subjected to current amplifica-
tion by an amplifier A and it is then compared with a
preset voltage in a comparator Cop. This preset voltage is
determined by resistors Ry and R3 and it has a value
which is intermediate of the maximum and minimum
output values of the sensor 208. The output of the com-
parator Cy is applied to a NAND gate G through a
NAND gate G and an inverter N. Numeral 87 desig-
nates the driving circuit for 0perat1ng the pulse motor 6
whereby the pulse motor 6 is rotated in a forward direc-
tion with pulse signals from the NAND gate Gj,
whereas the motor 6 is rotated in a reverse direction by
pulse signals from the NAND gate G3. The pulse motor
6 and the driving circuit 87 have already been described
in detail and therefore they will not be explained fur-
ther.

With the construction described above, the third
embodiment operates as follows. When the air-fuel ratio
of the mixture is smaller than the theoretical air-fuel
ratio and the mixture is rich, the output of the exhasut
gas sensor 208 1s high as shown in FIG. 13(¢) and the

output of the comparator Cyis at a “0” level. Thus, only

the NAND gate G; is opened and the pulses from the
flip-flop FF; proportional to the engine revolutions are
applied to the driving circuit 87 to rotate the motor 6,
with the result that the control valve 210 is displaced
through the cam 214 in a direction that increases the
cross-sectional area of the auxiliary air passage 209 and

in this way the mixture is made lean out to attain the

theoretical air-fuel ratio. On the other hand, when the
air-fuel mixture is weak, the output of the comparator
Cois at a ““1” level so that only the NAND gate G is
opened and the pulses from the FF; proportional to the
engine revolutions are applied to the driving circuit 87.
Consequéntly, the motor 6 is rotated in a direction op-
posite to that when the mixture is rich and thus the
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the conceniration of for example carbon monoxide,

hydrogen or carbon dioxide may be detected by an-
other metallic oxide. Otherwise, it is possible to detect
the air-fuel ratio by the variation of an engine condition,
e.g., engine torque variation.

It will thus be seen from the foregoing descrlptlon
that since in the third embodiment the flow rate of
either the auxiliary air supplied to an internal combus-
tion engine or the fuel fed to the engine is controlled by
a control valve and this control valve is actuated by a
pulse motor operated by pulses of a frequency propor-
tional to the engine speed, there is a great advantage
that not only the air-fuel ratio of the mixtures can be
controlled at the ideal air-fuel ratio at all times, but also
the system is highly effective in eliminating those prob-
lems such as the occurrence of hunting phenomenon
during corrections and the problem of response charac-
teristic, and moreover the system operates quite satis-
factorily during rapld acceleration and deceleration
operations of an engine and it can provide corrections
with a high degree of accuracy.

FOURTH EMBODIMENT

The fourth embodiment of the invention will now be
described with reference to FIG. 15. As will be seen

from FIG. 15, the fourth embodiment is similar to the

second embodiment of FIG. 7. Therefore, like reference
numerals designate like elements. The fourth embodi-
ment differs from the embodiment of FIG. 7 in that the
drawn air quantity sensor 108 is eliminated, the control
circuit section 167 1s replaced with a control circuit 307
of a different construction and the air-fuel ratio sensor 2
is replaced by the air-fuel ratio sensor 208 shown in
FIG. 13(b). |

~ In FIGS. 16 and 17, there are respectively shown a
block diagram and a wiring diagram of the control
circuit 397. In FIGS. 16 and 17, numeral 313 designates
an engine revolution sensor having a contact synchro-
nized with the revolutions of the engine and adapted to
generate ON and OFF signals synchronized with the
engine revolutions. The ON and OFF signals from the
engine revolution sensor 313 are converted, as shown in
FIG. 19, into a substantially linear positive DC voltage
by a digital-analog converter 315 comprised of a reshap-
ing circuit composed of resistors Rio1 and Rjoz and a
transistor T1g3 and an integrating circuit composed of
capacitors Cios and Cjo7, diodes Djps and Djgg and a
resistor Rios. Numeral 314 designates an intake mani-
fold vacuum sensor designed so that a diaphragm or
bellows is displaced by the engine intake manifold vac-
aum to vary the resistance of a potentiometer 314-1 in
accordance with its displacement. One end of the poten-
tiometer 314-1 is grounded and the other end is con-
nected to a power source through a resistor R4, and
the potential at the point (a) in FIG. 17, 1.e., the output



13

of the vacuum sensor 314 varies as shown in FIG. 20.
Numeral 316 designates a function circuit comprised of
a known adder circuit consisting of resistors Rjgg, Ri10,
Rii11and Ri12and a differential amplifier A 13, whereby
the outputs of the D-A converter 315 and the intake
manifold vacuum sensor 314 are respectively applied
through the resistors Rijo and Ry to the noninverting
input terminal of the differential amplifier Ajj3 and
converted by this function circuit 316 into a function
alN + 8P of the characteristic shown 1n FIG. 21, where
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N is an engine speed function, P i1s an intake manifold

pressure function and a and 8 are constants.

While the function circuit 316 is designed to form the
function alN+ 8P, this function may take many differ-
ent forms depending on the construction of the control
valve 51 which may for example be a butterfly valve,
rotary valve or piston valve or depending on the con-
struction of a link mechanism if the control valve 51 i1s
linked to the throttle valve 45 by such a mechanism.
Further, while, in this embodiment, the engine revolu-
tions and intake manifold vacuum are employed as pa-
rameters, other operating parameters of the engine such
as the throttle valve opening and vacuum 1-a at the
venturi of the carburetor 4 may be added to or substi-
tuted for the first-mentioned two parameters. The out-
put signal of the function circuit 316 is applied to a
voltage-frequency converter or V-F converter 317
which in turn generates puse signals. As shown in FIG.
£8, the air-fuel ratio control range is determined by the
frequencies of pulse signals supplied to the control
valve actuating pulse motor 6, and the higher the fre-
quency is the better the response characteristic will be.
In other words, the desired air-fuel mixture ratio 1s
attained more quickly, and therefore the pulse motor 6
must be operated at a maximum frequency which 1s
capable of reducing the control range and positively
controlling the air-fuel ratio at the desired value. For
example, if the frequency of pulse signals synchronized
with the engine revolutions is divided by a frequency
divider circuit, the resultant pulse width has a fixed
value of 3” (n=integer) and thus it is impossible to vary
the pulse width as desired. It is therefore the purpose of
the V-F converter 317 to overcome the difficulty that it
1s impossible to obtain the optimum frequency for actu-
ating the control valve 31 to attain the desired air-fuel
ratio. The V-F converter 317 comprises a charging and
discharging circuit consisting of resistors Rjis, Ri17,
Ri19 and R0, a capacitor Cj;g and a transistor Tij¢, a
comparator unit consisting of resistors Riz1, Ri23 and
R124 and a comparator A6 for comparing the poten-
tials on both sides of a capacitor Cjg, a reshaping cir-
cuit consisting of a transistor Ti27 and a resistor Rizs,
and a feedback resistor R135, whereby when the poten-
tial at a point (b) on one side of the capacitor Cjg be-
comes higher than the potential at a point (c) on the
other side of the capacitor, the output of the comparator
A6 goes to a “1” level so that the transistor Tjig 1S
turned on through the feedback resistor Ryz5 and the
charge on the capacitor Cjgis discharged through the
resistor Rj17and the transistor T116. When the potential
at the point (c) becomes higher than the potential at the
point (b), the output of the comparator A6 changes
from the “1” to “0” level and the transistor Tji¢ 1S
turned off to charge the capacitor Cj1g through the
resistors Ri1s5and Ri17. Repetitions of this process cause
oscillations in the V-F converter 317. As shown in FIG.
22, this oscillation frequency increases as the input volt-
age to the V-F converter 317 or the function circuit
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output gets higher. The air-fuel ratio sensor 208 for
detecting the air-fuel ratio of the mixture employs a
metal oxide primarily consisting of zirconium deoxide
and a platinum coating 1s applied on the metal oxide
electrode. As previously mentioned in connection with
the description of FIGS. 13(a) and 13(b), the character-

“1stic of the air-fuel ratio sensor 208 changes abruptly as

shown 1in FIG. 13(a) in accordance with the oxygen
concentration in the exhaust gases by virtue of the com-
bined effects of the catalytic effect of the platinum and
the oxygen concentration sensing capacity of the zirco-
nium dioxide. The output of the air-fuel ratio sensor 208
is applied to an air-fuel ratio discriminator 318 consist-
ing of resistors Ri29, Ri30 and R13) and a comparator
A 132 to determine whether the air-fuel mixture is on the
rich side or it 1s on the weak side, whereby when the
mixture is richer than a preset value the output of the
comparator A3z 1s at the “0” level, whereas when the
mixture 1s weaker than the preset value the comparator
output i1s at the “1” level. The preset level of the dis-
criminator 318 is selected to lie between the maximum
outputs of the air-fuel ratio sensor 208. The output sig-
nal of the discriminator 318 is applied to a reversible
command circuit 318 comprised of an inverter circuit
IN133and NAND circuits L34 and L13s, whereby when
the mixture is weak, the pulse signals from the V-F
converter 317 are applied to an input terminal h of a
shift register 87q, whereas when the mixture is rich the
pulse signals are applied to an input terminal 1. The
pulse motor driving circuit 87 has been described with
reference to FIG. 2 and FIGS. 3(a) and 3(6). Accord-
ingly, when the pulse signals are applied to the terminal
h, the rotor of the pulse motor 6 is rotated in the direc-
tion of an arrow in FIG. 17 and the control valve 51 is
moved in a direction that closes it to decrease the rate of
secondary air flow. When the pulse signals are applied
to the terminal 1, the reverse becomes the case and the
control valve 51 is moved in a direction that opens it to
increase the ratio of secondary air flow.

The operation of the fourth embodiment described
above will now be summarized with reference to the
time chart shown in FIG. 23, in which FIG. 23(a)
shows the output waveform of the air-fuel ratio sensor
208 at the point (d) in FIG. 17 and the desired air-fuel
ratio. When the air-fuel ratio sensor output 1s greater
than the desired air-fuel ratio it represents a rich mix-
ture, whereas when the sensor output is smaller than the
desired air-fuel ratio it represents a weak mixture, and
the corresponding waveforms at points (f) and (g) in the
reversible command circuit 319 are as shown respec-
tively in FIGS. 23(b) and 23(¢). In other words, when
the mixture is rich, the NAND circuit L35 1s opened,
whereas when the mixture is weak the NAND circuit
1134 1s opened, and in this way the pulse signals are
applied to the terminal (i) or (h) of the shift register 87a
so that the pulse motor 6 actuates the control valve 51
through the switching circuit as shown 1in FIG. 23(d).
That is, when the mixture is weak the control valve 51
is moved in a direction that closes it, whereas when the
mixture is rich it is moved in a direction that opens 1t,
thereby controlling the air-fuel ratio at the desired

value. The opening speed of the control valve 51 is

increased as the oscillation frequency of the V-F con-
verter 317 is increased, whereas it is moved slower as
the oscillation frequency i1s decreased.

While, in the fourth embodiment described above,
the correction method i1s employed which makes use of
the secondary air flow, this embodiment may also be
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applied to an 0perat10n in which the quantlty of fuel fed

from the carburetor is corrected through the pulse

motor 6. Further, this embodlment may be similarly

employed with a servo control system used on a vehicle

to control the amount of secondary air supplied to the

catalytic converter, the choke valve ef the carbureter
or the speed of the engine.

It will thus be seen from the foregolng descnptlon .

'that in accordance with the fourth embodiment, there is
provided an air-fuel mixture ratio correcting system
which employs a pulse motor as a control valve actuat-
ing motor to control the air-fuel mixture ratio. The
system comprises a function circuit for generating a

function from the signals representmg operating param-

eters of the engine such as the engine speed and the
engine intake mianifold vacuum, and a V-F converter
circuit for generating, from the function circuit output
signal, pulse 51gnals whose frequency is varied continu-

10

15

ously. Thus, it is possible to employ as the optimum

frequency the highest one of all the pulse motor actuat-
ing frequencies which can. control the air-fuel mixture
ratio within the required limits and the pulse motor i1s
controlled with this optimum frequency, thereby elimi-
nating the occurrence of hunting phenomenon under
the transient conditions due to the regular acceleration
and deceleration of the engine and ensuring excellent
response characteristic, i.e., the effectuation of control
with excellent follow-up characterlstlc Therefore, not

20

25

only the air-fuel ratio of the mixtures can always be

controlled within the proper range under all the operat-
ing conditions of the engine, but also with the engine
equipped with an exhaust gas cleaning system such as a
catalytic converter, the air-fuel ratio of the mixtures can
always be controlled at the correct value which ensures
the optimum cleaning of the exhaust gases, with the
result that the exhaust gas cleaning system such as the
catalytic converter is permitted to function normally at
all times to prevent the deterioration, breakage, etc. of
the system and moreover the optimum operation of the

exhaust cleaning system reduces the variations of the 40
cleaned exhaust gases and prevents the pollution of the.

atmospher by the exhaust gases.

FIFTH EMBODIMENT

The fifth embodiment of the invention will now be
described with reference to FIG. 24. In FIG. 24, the
like reference numerals as used in FIG. 1 designate the
like elements as described in connection with FIG. 1.
Designated as ES is an exhaust gas sensor which may be
identical either with the exhaust gas sensor 2 shown In
FIG. 4(a) or the sensor 208 shown in FIG. 13(5). Nu-
meral 409 deSIgnates an auxlllary fuel passage opening
into a main fuel passage 405 at the intermediate portion
thereof, 410 a control valve for varying the cross-sec-
tional area of the other opening of the auxiliary fuel
passage which opens into a float chamber, 411 a cam
mounted on the shaft of the pulse motor 6, 412 a link
interconnecting the cam 411 and the control valve 410
as shown in detail in FIG. 25. Numeral 406 designates a
reduction catalyst, 407 an oxidation catalyst. Numeral
414 designates a control circuit which controls the rota-
tion of the pulse motor 6 in accordance with the output
signal of the exhaust gas sensor ES (2 or 208) and which
depending on the construction of the sensor ES may be
identical in construction with those control circuits
prevmusly described in detail. The control circuit 414
rotates thie pulse motor 6 in both forward and backward
directions.
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The 0peratlon of the fifth embodiment w1ll be first

| descrlbed for the case where the exhaust gas sensor ES

comprises the sensor 208 shown in FIG. 13(d). When
the air-fuel mixture ratio is low so that an output volt-
age Y of the exhaust gas sensor 208 is high, the pulse
motor 6 is rotated in a direction that displaces the con-

“trol valve 410 downward and the cross-sectional area of

the auxiliary fuel passage 409 is reduced to increase the
air-fuel mixture ratio to attain the desired value. On the
other hand, when the air-fuel mixture ratio is high, the

output voltage Y of the exhaust gas sensor 208 is low so

that the pulse motor 6 is rotated in a direction which 1s
reverse of that of the preweusly described case. Conse-
quently, the control valve 410 is raised to act n such a
manner that the auxiliary fuel quantity is increased and

“the air-fuel ratio is decreased to attain the desired air-

fuel ratio.

On the other hand when the sensor ES comprises the
exhaust gas sensor 2 shown in FIG. 4(a), the fifth em-
bodiment operates as follows. When the air-fuel ratio of
the mixture is lower than the preset value Xy, the ex-

haust gas sensor 2 produces an electromotive force
~greater than the preset voltage V, with the result that

the motor 6 is rotated in a direction that displaces the
control valve 410 downward and the cross-sectional
area of the auxiliary fuel passage 409 is reduced to in-
crease the air-fuel ratio. In this way, the air-fuel ratio is
corrected to attain the desired air-fuel ratio. When the
air-fuel ratio of the mixture is between the preset values
X1 and Xy, also the output of the exhaust gas sensor 2
is between the preset values V7 and Vy and thus the
pulse motor 6 is not rotated. When the air-fuel ratio of
the mixture is greater than Xy, the output of the exhaust

gas sensor 2 is lower than Vy so that the motor 6 is

rotated in the reverse direction and the control valve

- 410 is moved upward in such a manner that the auxﬂlary
~ fuel quantity is increased and the air-fuel ratio is re-

duced. In this way, the air-fuel mixture is corrected to

attain the desired value.
While, in the fifth embodiment described above, the

rotation of the pulse motor 6 is transmitted through the
cam 411 and the link 412 to be control valve 410 to
displace it, any of the arrangements shown in FIG. 26
may also be used. In FIG. 26(a), the rotation of the
motor 6 causes a cam 419 to rotate to displace a seat
member 420 and thereby to displace the control valve
410. A spring 421 is normally pressing the seat member
420 against the cam 419. In the construction of FIG.
26(b) the control valve 410 is provided with a rack so
that the control valve 410 is displaced in accordance
with the rotation of a pinion 422 mounted on the shaft of
the pulse motor 6, while in the construction of FIG.
26(c) a shaft 423 of the motor 6 is provided with external
threads and the uppér portion of the control valve 410
is formed with internal threads whereby to displace the
control valve 410 in accordance with the roration of the
motor 6.

From the foregoing descrlptlon, it will be appreciated
that the fifth embodiment of the invention can, by virtue
of the fact that an auxiliary fuel passage is provided to
open into the intermediate portion of a main fuel pas-
sage installed in a carburetor of an engine, a control
valve is provided in the auxiliary fuel passage to vary
the cross-sectional area thereof and the control valve 1s
actuated by a pulse motor controlled by the output
signal of air-fuel ratio sensing means for detecting the
concentration of oxygen in exhaust gases as a substitu-
tion for the air-fuel mixture ratio, always maintain the
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air-fuel ratio of the mixtures fed to the engine at the
desired value. There is another advantage that where an
exhaust gas cleaning catalyst is employed, an improved
~ exhuast gas cleaning efficiency is ensured and the break-
ing and deterioration of the catalyst are prevented. Still 5

another great advantage is that by virtue of the fact that
~ the control valve is actuated by the pulse motor, a high

torque is ensured by a simple and compact structure, the
structure can be instailed in the engine with ease, an
improved response characteristic is ensured over that 10
obtained when the control valve is actuated by the
engine vacuum or a hydraulic system, the design of the
setting 1s facilitated and there is no danger of deteriora-
tion with age, and the control is effected with a higher
degree of accuracy as compared with a mechanical 15
actuator such as a diaphragm and moreover the control
1s not affected by the operating conditions of the engine.

SIXTH EMBODIMENT

In FIG. 27, there is illustrated a sixth embodlment of 20
the invention. In FIG. 27, the like reference numerals as
- used 1n FIG. 24 designate the like or equivalent ele-
ments. Numeral 509 designates an air bleed which opens
into the intermediate portion of the main fuel passage
405 and which is capable of varying the fuel quantity, 25
410 a control valve for varying the cross-sectional area
of the air bleed 509 to control the amount of the air fed
into the main fuel passage 405 from the air bleed 509.
The remaining elements are practically the same with
those included in the embodiment of FIG. 24. The ex- 30
haust gas sensor ES may similarly be the same in con-
struction with either the exhaust gas sensor 2 or 208.
Similarly, the control circuit 414 accomplishes the re-
~quired control in association with the exhaust gas sensor
ES which may be either the sensor 2 or 208. 35

When the exhaust gas sensor 208 is used as ES, the
sixth embodiment operates as follows. When the air-fuel
ratio of the mixture fed to the engine from the carbure-
tor body 4 1s low so that the output voltage of the sensor
208 1s high, the control circuit 414 operates the pulse 40
motor 6 in a direction that displaces the control valve
410 upward and increases the amount of the air flow
through the air bleed 509 to decrease the amount of the
fuel delivered through the main fuel passage 405 and
increase the air-fuel ratio. In this way, the air-fuel ratio 45
1s corrected to attain the desired value. On the other
hand, when the air-fuel mixture ratio is high so that the
output of the exhaust gas sensor 208 is low, the control
circuit 414 operates the motor 6 in a direction that dis-
places the control valve 410 downward and decreases 50
the rate of the air-flow from the air bleed 509 to increase
the amount of the fuel delivered through the main fuel
passage 405 and decrease the air-fuel ratio. In this way,
the air-fuel mixture ratio is corrected to attain the de-
sired value. | 55
- When the exhaust gas sensor 2 is used as ES, the
operation of the sixth embodiment is as follows. In the
event that the air-fuel ratio of the mixture is lower than
the preset value X, the exhaust gas sensor 2 produces
an electromotive force corresponding to the air-fuel 60
ratio which is greater than the preset voltage V. Con-
sequently, the control circuit 410 operates the motor 6
‘in a direction that displaces the control valve 410 up-
ward and increases the amount of the air flow through
the air bleed 509 to decrease the amount of the fuel 65
delivered through the main fuel passage 405 and in-
crease the air-fuel ratio. In this way, the air-fuel ratio is
corrected to attain the desired value. When the air-fuel

L6

ratio of the mlxture is intermediate the predetermined
values X7 and Xy, the output of the exhaust gas sensor
2 is also intermediate the preset voltages Vy and V yand
thus the motor 6 is not operated. On the other hand,
when the air-fuel ratio of the mixture is greater than the

preset value Xy so that the output of the exhaust gas
sensor 2 1s lower than V, the motor 6 is operated in the

reverse direction, with the result that the control valve
410 1s displaced downward and the amount of the air
flow through the air bleed 509 is decreased to increase
the amount of the fuel delivered through the main fuel
passage 405 and thereby to decrease the air-fuel ratio. In
this way, the air-fuel ratio is corrected to attain the
desired value. . | -

While, in the sixth embodiment descrlbed above, the
control valve 410 is displaced by transmitting the rota-
tion of the motor 6 to it through the cam 411 and the
link 412, it should be understood that the constructions
shown in FIGS. 26(&) 26(b) and 26(c) may also be em-
ployed.

From the foregomg descrlptlon it will be appreciated
that the system according to the sixth embodiment can,
by virtue of its novel construction wherein a control
valve which varies the cross-sectional area of an air
bleed opened into the intermediate portion of a main
fuel passage installed in a carburetor of an engine, is
actuated by a pulse motor controlled in accordance
with the output signal of air-fuel ratio sensing means for
detecting the concentration of oxygen in exhaust gases
which 1s substitutable for the air-fuel mixture ratio,
maintain the air-fuel ratio of the mixtures fed to the
engine at the desired value at all times. There is another
great advantage that where an exhaust gas cleaning
catalyst is employed, the exhaust gas cleaning efficiency
1s improved and the breaking and deterioration of the
catalyst are prevented. Still another great advantage is
that by virtue of the fact that the control valve is actu-
ated by the pulse motor, a higher torque is provided by
a compact and simple structure, the structure can be
installed with-ease and an improved response character-
1stic is ensured over that obtained when the control
valve i1s actuated by the engine vacuum or a hydraulic
system, the designing of the setting is facilitated and
there is no dangere of deterioration with age, and the
accuracy of control is improved over that obtained

- when a mechanical actuator such as a diaphragm is

employed and moreover the control is not affected by
the operating conditions of the engine.

SEVENTH EMBODIMENT

The seventh embodiment of the invention will now
be described with reference to FIG. 28. In FIG. 28,
numeral 610 designates a negative feedback type vari-
able venturi carburetor, 620 an internal combustion
engine, 630 an exhaust manifold, 406 an oxidation cata-
lyst, 14 a muffler, ES an exhaust gas sensor which may
either be the previously described exhaust gas sensor 2
shown in FIG. 4(a) or the exhaust gas sensor 208 shown
in FIG. 14(5). Numeral 670 designates an electric con-
trol circuit whose circuit construction is dependent on
the type of the exhaust gas sensor ES. In this embodi-
ment described so far, the exhaust gas composition is
detected so that the ratio of the air to the fuel in the
mixture, 1.e., the so-called air-fuel ratio is detected in
terms of the exhaust oxygen concentration by the sensor
ES. The output signal of the sensor ES is applied to the
electric control circuit 670 which determines whether
the air-fuel ratio detected by the sensor ES is at its

LT U
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| correct value When the air-fuel ratio is not ccrrect a

signal is applled to the carburetor 610 whereby when

the mixture is rich in fuel the supply of the fuel is re-

duced to correct the air-fuel ratio to its correct value,.
whereas when the mixture is weak in fuel, the fuel sup-

ply is increased to correct the alr-fuel value to its proper
value. SR e |

Next, the mdlwdual compenent elements shown in
FIG. 28 will be described. Referring first to FIGS. 29(a)
and 29(b) illustrating an exemplary form of the negative
feedback type variable venturi carburetor 610 in this
embodiment, numeral 611 designates a suction piston

~ having a diaphragm 612 secured to the peripheral edge

at one end thereof and a tapered jet needle 614 provided

d

18
‘When the exhaust gas sensor 2 shown in FIG 4(a) is
used as the sensor ES, the seventh embodiment operates
as follows. As previously mentioned, the control circuit
670 operates differently from the case where the ex-
haust gas sensor 208 is used as the sensor ES. Let it be
assumed that it is desired to operate the engine with the

~ electromotive force of the sensor 2 being maintained at

10:

at the other end thereof. The outer peripheral edge of 3

the diaphragm 612 is securely held between cases 621

and 622. Numeral 613 designates a piston spring whose
one half 1s received within the suction piston 611 on the

diaphragm 612 51de to act on the plston 611 with a pre-:

set load. S

‘Next, the air-fuel ratio control means for varymg the
cross-sectional area of the venturi in the carburetor 610
will be described with reference to FIGS. 29(a) and
29(b). Numeral 616 designates a cam, 6 a pulse motor
having the cam 616 fixedly mounted on a driving shaft
617a thereof. Numeral 618 designates a shaft having one
end thereof placed in contact with the cam 616 and the
other end securely fastened to the upper end of the
piston spring 613 to hold it in place. Numeral 619 desig-
nates a spring which acts to normally urge the upper
end of the shaft 618 into contact with the cam 616, 620
a boot for preventing the air from entering into a vac-
uum chamber defined by the dlaphragm 612 and the
case 622. |

- The operatlon_of the seventh embodiment will be first
described for the case in which the exhaust gas sensor
208 shown in FIG. 13(b) is used as the sensor ES. When
the electromotive force corresponding to the exhaust
gas oxygen concentration detected by the sensor 208 is
higher than a preset voltage, that is, when-the air-fuel
ratio is low or when the mixture fed to the engine is rich
In fuel, the control circuit 670 rotates the pulse motor 6
in a clockwise direction in FIG. 29(a). Consequently,
the preset load of the piston spring 613 is reduced and
the cross-sectional area of the venturi throat is increased
to decrease the speed of the air flow through the venturi
throat. Consequently, the vacuum acting at the open
end of a nozzle 613 is decreased and the rate of the fuel
injected through the nozzle 615 is decreased to reduce
the quantity of the fuel fed to the engine. In this way,
the air-fuel ratio is corrected to approach the correct
value. In this case, the pulse motor 6 is rotated in a
digital manner like the second-hand of a watch.

On the other hand, when the output voltage of the
sensor 208 is lower than the preset value, that is, when
the air-fuel ratio is high or when the amount of the fuel
fed to the engine 620 is small, the pulse motor 6 is ro-
tated in the reverse direction so that the cam 616 com-
presses the piston spring 613 through the shaft 618 and
the preset load of the spring 613 is increased, causing
the piston 611 to move downward and decrease the
cross-sectional area of the venturi throat. Consequently,
the speed of the air flow through the venturi throat is
increased and the vacuum acting at the open end of the
nozzle 615 is increased, supplying more fuel to the en-
gine 620 and causing the air-fuel ratio to approach the
correct value.
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the desired value which 1s intermediate the preset volt-
ages Vy and Vy corresponding to the preset air-fuel
ratios Xy and Xy | |

When the electromotive force of the sensor 2 1s
higher than Vp, that is, the air-fuel ratio of the mixture
is low or when the mixture fed to the engine 620 is rich
in fuel, the pulse motor 6 is rotated in a clockwise direc-

tion so that the crosssectional area of the ventur throat

is increased to reduce the speed of the air flow through

it and the vacuum acting at the open end of the nozzle

615 1s reduced. As a result, less fuel 1s allowed to flow
through the nozzle 615 and the amount of the fuel fed to
the engine 620 1s decreased, causing the air-fuel mixture
ratio to approach the correct value.

On the other hand, when the output voltage V of the
sensor 2 1s intermediate the preset voltages Vi and Vy,
the pulse motor 6 is maintained at rest. |

Further, when the output voltage of the sensor 2 is
lower than Vi, that is, when the air-fuel ratio of the
mixture is high or when the amount of the fuel fed to the
engine 620 is small, the pulse motor 6 is rotated in the
reverse direction so that the preset load of the piston
spring 613 increased to decrease the crosssectional area
of the venturi throat. Consequently, the speed of the air
flow through the venturi throat is increased to increase
the vacuum acting at the open end of the nozzle 615 and
the amount of the fuel injected through the nozzle 615
is increased to allow more fuel to be fed to the engine

- 620, thereby causing the air-fuel ratio to approach the
correct value.

FIGS. 30(a) and 30(b) illustrate another form of the
negative feedback type variable venturi carburetor.
While, in the first form of the carburetor shown in
FIGS. 29(a) and 29(b), the suction piston 611 is movable
to vary the cross-sectional area of the venturi throat so
that the speed of the air flow through it is varied to vary
the amount of the fuel fed to the engine 620 to control

‘the air-fuel mixture ratio at the correct value, in the

second form of the carburetor the nozzle 615 is moved
to vary the space between the needle 614 and the nozzle
615, i.e., the cross-sectional area of the fuel delivery
opening to vary the amount of the fuel fed through the
fuel delivery opening and thereby to control the air-fuel
ratio of the mixtures. The detailed construction of the

carburetor according to the second form 1s shown in
FIGS. 30(a) and 30(b). A shaft 618 having a T-shaped

lower end is integral with a nozzle 613, and a spring 619

is provided in such a manner that the surface of the shaft
618 which is not integrally connected to the nozzle 615
1s normally brought into contact with a cam 616. A boot
620 is provided between the shaft 618 and the carbure-
tor housing where they are in sliding contact with each
other so as to prevent the fuel from leaking out of the

- carburetor.

In the third form of the negative feedback type vari-

able venturi carburetor shown in FIGS. 31(a) and 31(b),

instead of being secured to a suction piston 611, a needle
614 is movable to vary the space between the needle 614
and the nozzle 615 or the cross-sectional area of the fuel
emitting opening, so that the amount of the fuel deliv-
ered through the fuel emitting opening is varied to
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control the air-fuel ratio of the inlxtures In the con-

struction of FIGS. 31(a) and 31(b), the needle 614 is

formed on one end portion thereof with external
threads 6144, and the suction piston 611 is provided
with a slot 611¢ which is formed with internal threads
6115 associated with the external threads 614a to
threadedly connect the suction piston 611 and the nee-
dle 614 together. The needle 614 1s also provided with
a longitudinal slot 6145 on the external threads 614q side
thereof and a driving shaft 617a of a pulse motor 6 is
fixedly mounted into the slot 6145, whereby the rota-
tion of the pulse motor 6 turns the external threads 614a
to move the needle 634 through the internal threads
6110 and thereby to vary the cross-sectlonal area of the
fuel emitting opening. |

The carburetors according to the abovedescribed

second and third forms perform the same function as the

carouretor according to the first form. Further, it
should be readily apparent to those skilled in the art that
instead of connecting the nozzle 615 and the suction

piston 6i1 to the pulse motor 6 with the connecting

means comprising the cam 617 and the shaft 618, it is
possible to use other structures similar to those which
have been described in connectlon with FIGS. 26(b)
and 286(c).

| 20
obtained when the air-fuel ratio control means is actu-

ated by the engine vacuum or a hydraulic system, the
designing of the setting, etc. is facilitated and there is no

- danger of deterioration with age, and the accuracy of

10

15

20
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Further, the exhaust gas sensor ES may be comprised

for example of an exhaust gas composition concentra-
tion sensor consisting of tin oxide for detecting the
concentration of carbon monoxide in the exhaust gases

and detecting the air-fuel ratio of the mixtures, and with

such a sensor it is possible to perform the same functlon
as the previously described exhaust gas sensors.

From the foregoing description, it will be appreciated
that the system according to the seventh embodiment
has a great advantage that by virtue of the fact that
whether the air-fuel ratio of the mixtures is at its correct
value i1s determined by the electric control circuit in
accordance with the output voltage of the exhaust gas
sensor for sensing the air-fuel ratio of the carburetor
mixtures in accordance with the concentration of the
exhaust gas composition, so that the output signal of the
control circuit 670 is applied to the pulse motor 6 of the
air-fuel ratio control means to control the cross-sec-
tional area of the venturi throat and thereby to control
the vacuum acting at the open end of the nozzle 615 and
the needle 614 and the nozzle 615 are varied to control
the cross-sectional area of the fuel emitting opening and
thereby to control the air-fuel ratio of the mixture, the
air-fuel ratio of the mixtures can always be maintained
at the correct value even under those circumstances
where it is otherwise difficult to perform the proper
air-fuel ratio control due to a relatively inferior accu-
racy of finishing on the shape of the jet needle 614 or the
assemblying of the nozzle 615 and the needle 614, the
widening of the space between the nozzle 615 and the
needle 614 caused by the wear thereof or the variations
of the atmospheric temperature or pressure. Another
great advantage 1s that since the air-fuel ratio of the
mixtures can be maintained at the correct value at all
times, any exhaust gas cleaning device such as a catalyst
1S permitted to perform the optimum cleaning action
and thus it is possible to contribute toward the reduc-
tion of the air pollution.

Still another great advantage is that since the air-fuel
ratto control means is actuated by the pulse motor, it is
possibie to provide a high torque with a compact and
simpie structure which can be installed with ease, an
improved response characteristic is ensured over that
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~control is improved over that obtainable with the use of

a mechanical actuator such as a diaphragm and more-
over the control is not affected by the operating condi-
tions of the engine. Even in the fifth, sixth and seventh
embodiments 1t 1s possible to control the amount of
auxiliary fuel at a rate corresponding to the operating
conditions of the engine.

Without further analysis, the foregoing description of
the specified embodiments will so fully reveal the gist of
the present invention. However, the present invention is
not intended to be limited to these embodiments and the
scope of the invention is intended to be limited only by
the following claims. |

We claim: |

1. An air-fuel ratio controlling system for an internal
combustion engine comprising:

a carburetor connected to an intake manifoid of an

~ internal combustion engine and including an intake
passage for supplying an air-fuel mixture to said
engine and a throttle valve disposed-in said intake
passage for controlling the amount of the air-fuel
mixture;

said carburetor also including;

a suction piston slidably supported by said intake
passage upstream of said throttle valve for form-
ing a variable venturi therein, said suction piston
being moved back and forth in accordance with
the pressure difference between the pressure at
the downstream location thereof and the pres-
sure at the upstream location thereof:

a fuel nozzle provided at said intake passage and
opening at one end into said variable venturi for
supplying fuel to said intake passage, the other
end thereof being communicated with a float

- chamber storing fuel therein; and

a needle valve coupled at one end to said suction

piston, the other end thereof projecting into said
fuel nozzle for controlling the amount of fuel to be
supplied to said intake passage in response to an
axial movement of said needle valve varied by at
least said suction piston; |

driving means associated with said needle valve for

varying the axial movement of the same irrespec-

tively of the axial movement of said needle valve
varied by said suction piston;

air-fuel ratio sensing means disposed in an exhaust

manifold of said engine for detecting the air-fuel

ratio of the air-fuel mixture supplied to said engine;
and SEPEE

a control circuit connected to said air-fuel ratio sens-

‘ing means for controlling said driving means in

accordance with the output from said air-fuel ratio

sensing means to compensate the air-fuel ratio,
whereby the fuel supplied from said fuel nozzle is
increased when the air-fuel ratio detected by said
air-fuel ratio sensing means is higher than a prede-
termined value, and being decreased when the
air-fuel ratio is lower than said predetermined
value to thereby control the air-fuel ratio of the

air-fuel mixture to be supplied to said engine at a

desired value.

2. An air-fuel ratio controlling system for an internal
combustion engine comprising:
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a carburetor connected to an 1ntake mamfold of an

- internal combustion ¢ englne and including an intake
passage for supplying an air-fuel mixture to said _

.. engine and a throttle valve disposed in said intake
- passage for controlhng the amount of the alr-fuel
~ mixture; :
- said carburetor also lncludmg, |
a suction piston slidably supported by sald intake
passage upstream of said throttle valve for forming
“a variable venturi therein, said suction piston being
moved back and forth in accordance with the pres-

~ sure difference between the pressure at the down-

sireamn location and the pressure at the upstream
 location thereof, -

- a fuel nozzle slidably supported by said 1ntake passage
~ and opening at one end into said variable venturi
- for supplying fuel to said intake passage, the other
- end thereof being communicated with a float

chamber storing fuel therein; and
a needle valve coupled at one end to said suction
piston the other end thereof projecting into said

22

ratlo of the air-fuel mlxture supplled to said engine;

and

~ a control means connected to said air-fuel ratio sens-

ing means and said relative distance varying means
for controlling said relative distance varying means
in accordance with an outpui szgnal from said air-
~ fuel ratio sensing means to compensate the air-fuel

- rat1io of the mixture.
4. An air-fuel ratio centrollmg system for an internal

10 combustion engine comprising:

15

20

fuel nozzle, for controlling the amount of fuel to be

supplied to said intake passage in response to an
axial movement of said needle valve varied by sald
suction piston; |

- driving means coupled to said fuel nozzle for varying
the axial mevement of same with respect to said
needle valve;

25

air-fuel ratio sensing means dlSposed in an exhaust |

manifold of said engine for detecting the air-fuel

- ratio of the air-fuel mixture supplied to said englne
“and

a control circuit connected to said air-fuel ratio sens-

ing means for controlling said driving means in

accordance with the output from said air-fuel ratio
sensing means to compensate the air-fuel ratio,
whereby the fuel supplied from said fuel nozzle is
increased when the air-fuel ratio detected by said
air-fuel ratio sensing means is higher than a prede-
termined value, and being decreased when the
air-fuel ratio is lower than said predetermined
value to thereby control the air-fuel ratio of the
air-fuel mixture to be supplied to said engine at a
desired value. - |

3. An air-fuel ratio contrellmg system for an internal

combustion engine comprlsmg |

a variable venturi carburetor including an intake pas-
‘sage for supplymg an air-fuel mixture to an internal

- combustion engine, a suction piston slidably sup-
ported by said intake passage to form a variable
venturi therein, a fuel nozzle opening at one end to
said intake passage for supplying fuel to said intake
passage, and a needle valve coupled at one end to
sald suction piston, the other end thereof project-
ing into said fuel nozzle;

a means for varying the relatlve distance between
said fuel nozzle and said needle valve;

an air-fuel ratio sensing means disposed in an exhaust
manifold of said engine for detecting the air-fuel
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a variable venturi carburetor including an intake pas-
sage for supplymg an air-fuel mixture to an internal
combustion engine, a suction piston slidably sup-
ported by said intake passage to form a variable
venturi therein, a fuel nozzle opening at one end to
said intake passage for supplying fuel to said intake
passage, and a needle valve coupled at one end to
said suction passage, the other end thereof project-
ing into said fuel nozzle;

a means for varying the 1elat1ve dlstence between

- said fuel nozzle and said needle valve;

a pulse motor coupled to said varying means in order
to control the relative distance between said fuel
nozzle and said needle valve;

a pulse generator for generating a train of pulses
having a frequency which varies in proportion to
the rotational speed of said engine;

a frequency divider connected to said pulse generator
for converting the train of pulses from said pulse
generator into plural trains of pulses having differ-
ent and lower frequencies;

detecting means for detecting a rapid change of the
operational speed of said internal combustion en-

- gine; |

selecting means connected to said detecting means
for selecting one of said plural trains of pulses from
said frequency divider in accordance with the de-
tected change in the operational speed of sald en-
gine; |

air-to-fuel ratio sensing means disposed in an exhaust
manifold of said engine for detecting the air-to-fuel
ratio of the air-fucl mixture supplied to said engine;
and

a control means connected to said selecting means,

- said air-to-fuel ratio sensing means and said pulse

- motor for driving said pulse motor at a speed deter-
mined by the selected train of pulses from said
selecting means, the rotational direction of said
pulse motor depending on the output of said air-to-
fuel ratio sensing means.

5. The system according to claim 4 wherein said

“detecting means includes a drawn air quantity sensor for

detecting the amount of the air drawn into said engine,
and said control circuit being adapted to receive the
output signal of said detecting means for operating said
pulse motor at a speed corresponding to said detected

change in said engine operating speed.
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